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Abstract 

Purpose: To investigate the genetic polymorphisms that may contribute to the worsening of insulin 
resistance in type 2 diabetes mellitus (T2DM) with severe or acute hyperglycemia.  
Methods: This is a prospective cohort study involving 156 T2DM patients with severe or acute 
hyperglycemia from all medical wards of the National University of Malaysia Medical Centre (UKMMC) 
that were placed on insulin therapy. The polymerase chain reaction-restriction fragment length 
polymorphism (PCR-RFLP) method was used to determine the genetic association of insulin receptor 
substrate (IRS) gene with insulin resistance. Insulin resistance status was determined using the 
homeostatic model assessment for insulin resistance (HOMA-IR) index.  
Results: IRS1 polymorphisms were associated with increased insulin resistance (X2 = 5.09, p = 0.023) 
in T2DM patients with severe/acute hyperglycemia. IRS2 polymorphisms were not associated with 
insulin resistance (X2 = 0.69, p = 0.406) in this group of patients.  
Conclusion: IRS1 genetic factor alone may be a significant genetic determinant for insulin resistance in 
T2DM patients during severe/acute phase hyperglycemia. 
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INTRODUCTION 
 
Patients with type 2 diabetes mellitus (T2DM) are 
frequently admitted to the hospital because of 
severe or acute hyperglycemic attacks that are 
secondary to acute infections, acute myocardial 
infarctions, acute stroke and non-compliance to 
medications [1]. Despite a variety of theories 

describing the complexity of managing patients 
with severe/acute hyperglycemia, none of the 
previous studies looked extensively at the 
possibility that genetic polymorphisms could be a 
factor influencing insulin resistance. Insulin is the 
key hormone for glucose and lipid metabolism. 
Substrate molecules for the insulin receptor or 
insulin receptor substrates (IRS) are important 
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intermediates in insulin signaling and play key 
roles in maintaining the basic functions of cell 
growth, survival, and metabolism [2]. Of four 
genes in the IRS system (IRS1, IRS2, IRS3, and 
IRS4), only IRS1 and IRS2 play an important role 
in glucose metabolism [2].  
 
Defects in post-receptor insulin signaling are the 
main reasons for insulin resistance in target 
tissues that affect glycemic control [3]. 
Specifically, this defect was featured in the 
inhibition of specific signaling pathways of 
PI3K/Akt that are associated with positive insulin 
actions on glucose and lipid metabolism [4]. 
Polymorphisms in the IRS gene family 
associated with insulin resistance [4]. The 
Gly972Arg polymorphism in the insulin receptor 
substrate-1 (IRS1) gene reduces tyrosine 
phosphorylation by more than 60 % and also 
acts as a competitive inhibitor for insulin receptor 
(IR) and insulin-like growth factor receptor-1 
(IGF-1R) autophosphorylation [4]. Nevertheless, 
the impact of IRS gene polymorphisms on insulin 
resistance in T2DM patients with severe/acute 
hyperglycemia has not been explored. 
 
Therefore, identifying genetic predictors for 
increased insulin resistance would complement 
other predictors to optimize the management and 
treatment of T2DM during severe/acute phase 
hyperglycemia.  
 
EXPERIMENTAL  
 
Materials and chemical reagents 
 
Wizard® Genomic DNA Purification Kit, PCR 
Master Mix, and 6x blue/orange loading dye were 
supplied by Promega (Madison, WI, USA). Water 
(molecular biology grade) was from Sigma-
Aldrich (Irvine, UK). Ethanol, 50 bp DNA ladder, 
Trizma®, molecular biology grade DMSO, and 
PCR primers were supplied by Sigma-Aldrich (St. 
Louis, MO, USA). Low electroendosmosis (EEO) 
agarose was from Applichem (Darmstadt, 
Germany). Isopropanol, glacial acetic acid, 
sodium hydroxide, and EDTA were purchased 
from Ajax Pty Ltd (Auckland, New Zealand), and 
10x NEBuffer solution and restriction enzymes 
(BstNI, HaeII) were from Promega and New 
England Biolabs (Hitchin, UK). 
 
Equipment 
 
PCR-RFLP reactions were analyzed by 
electrophoresis of TAE gels containing 2.0 % or 
2.5 % agarose. Blood samples were centrifuged 
in a 5415C centrifuge (Eppendorf, Hamburg, 
Germany). Blood samples were incubated during 
DNA extraction in a water bath (Memmert, 

Schwabach, Germany). Meanwhile, the 
quantification of genomic DNA samples was 
done using UV-160A spectrophotometer 
(Shimadzu, Kyoto, Japan). The PCR-RFLP 
assay was performed in a PTC-100TM 
thermocycler (MJ Research Inc., Watertown, MA, 
USA). Genotyping analysis was performed using 
a Fluorchem FC2 gel documentation system 
(Alpha Innotech, Multimage™, USA). 
 
Patient recruitment  
 
Patients were recruited from all medical wards at 
the teaching hospital of the National University of 
Malaysia (UKMMC) and were screened for 
eligibility to participate in the study. The study 
complied with the Declaration of Helsinki [5], the 
Ethics Committee of UKMMC granted its 
approval (FPP-282-2008), and all participants 
gave their written, informed consent. We 
calculated our sample size based on a previous 
report [6], with a maximum of 10 independent 
variables involved in each analysis. Therefore, a 
sample size of 100 was needed for 95 % power. 
 
Subjects who met the following specifications 
were included: blood glucose level greater than 
13.9 mmol/L, severe hyperglycemia [7] or 
glucose level greater than 15 mmol/L, acute 
hyperglycemia upon admission [8], over 30 years 
old, and only used insulin during hospitalization. 
Subjects who met any of the following criteria 
were excluded: used oral hypoglycemic agents 
during hospitalization, were pregnant, were 
unable or unwilling to give informed consent, and 
were critically ill or exhibited medical conditions 
that were likely to limit life expectancy or required 
extensive medical treatment. A total of 10 mL of 
venous blood was taken from T2DM patients 
who fulfilled the inclusion criteria to identify single 
nucleotide polymorphisms (SNPs) by the 
polymerase chain reaction-restriction fragment 
length polymorphism (PCR-RFLP) method [9,10] 
in the genomic study. This study was conducted 
in the Molecular Biology Laboratory, Faculty of 
Medicine, The National University of Malaysia.  
 
Insulin resistance measurement  
 
Insulin resistance was assessed using an earlier 
described method [11]. 
 
Genetic study 
 
DNA extraction method 
 
The genomic DNA was extracted using the 
Wizard® Genomic DNA Purification Kit 
(Promega, Madison USA) according to the 
manufacturer’s instructions. 
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DNA quantification 
 
Initially, a total of 1 mL of molecular biology 
grade water was calibrated in a 
spectrophotometer at wavelengths of 260 nm 
and 280 nm. Then, 10 μL of DNA solution was 
diluted with 990 μL of molecular biology grade 
water and was mixed. The absorbance (OD) of 
the DNA solution was measured and recorded at 
wavelengths of 260 nm and 280 nm using a UV-
160A Shimadzu Spectrophotometer, and the 
OD260/OD280 ratio was determined. A ratio of 
1.8 – 2.0 indicates the range of ultraviolet 
absorbance due to nucleic acids. Dilution factor 
was calculated as the sum of DNA quantity and 
molecular biology grade water divided by DNA 
quantity. The amount of DNA (in µg/mL) was 
determined according to Eq 1. 
 
DNA conc = A x 100 x 50 µg/mL/100 ……….. (1) 
 
where A is the absorbance at 260 nm and 100 is 
the dilution factor in which the conversion values 
of the spectrophotometer for nucleic acids were 
as follows [12]: 
 
1 unit of A260 double-stranded DNA = 50 μg/mL; 
1 unit of A260 single-stranded DNA = 33 μg/mL; 
1 unit of A260 single-stranded RNA = 40 μg/mL 
 
Polymerase chain reaction-restriction 
fragment length polymorphism (PCR-RFLP) 
for IRS1 polymorphism r.2963G>A 
(p.Gly972Arg) 
 
To study IRS1 gene polymorphism r.2963G>A 
(rs 1801278), the following primers were used for 
PCR: 5'-CTTCTGTCAGGTGTCCATCC-3' (left 
primer) and 5'-TGGCGAGGTGTCCACGTAGC-3' 
(right primer) [9]. Before the PCR process 
started, the following mixture was prepared: 2 µL 
containing 100 ng of genomic DNA; 12.5 μL of 
master mix solution (Promega) containing the 
enzyme Taq polymerase 50 units/mL in reaction 
buffer solution pH 8.5, 400 μM each of dATP, 
dGTP, dCTP, and dTTP, and 3 mM magnesium 
chloride solution (MgCl2); 1 μl of each primer; 
and 8.5 μL of nuclease-free water to produce a 
reaction volume of 25 μL for PCR assay. The 
solution was then slowly mixed in the microtubes 
by centrifuging and vortexing. Thereafter, the 
PCR process was initiated in a thermocycler. 
First, the solution was denatured for 5 min at 95 
oC. Then, the sample was denatured 45 s at the 
same temperature, annealed for 45 s at 58 oC, 
and elongated for 45 s at 72 oC.  
 
Denaturation, annealing, and extension were 
repeated 37 times. The final extension was for 5 
min at 72 oC. Afterwards, the PCR products were 

stored at 4 oC. A PCR product containing the 
Gly972Arg allele with the restriction enzyme 
BstNI site was produced. The expected size of 
the PCR products was 263 base pairs (bp). 
Genetic polymorphisms were identified by 
digesting PCR products with BstNI 
endonuclease. PCR products were digested for 
one hour at 60 oC in a 10 μL reaction volume 
containing 7 μL of PCR product, 0.2 μL of the 
restriction enzyme BstNI, 1 μL of 10x NEBuffer 
solution, 0.1 μL of 100x bovine serum albumin 
(BSA), and nuclease-free water to the reaction 
volume. BstNI cut the PCR product at position 5'-
CC/WGG-3' to produce fragments that were 108 
bp, 81 bp, 51 bp, and 23 bp in the IRS1-972A 
allele and 159 bp, 81 bp, and 23 bp in the IRS1-
972G allele. A total of 10 μL of digested product 
was mixed with 2 μL of loading dye and loaded 
into 2.0 % agarose gel containing ethidium 
bromide (20 mg/mL). Gel electrophoresis 
conditions were 100 V for 50 min. A digital image 
was taken after agarose gel electrophoresis 
using ultraviolet light transillumination. 
 
PCR-RFLP for IRS2 polymorphism r.3684G>A 
(p.Gly1057Asp) 
 
To examine the IRS2 gene polymorphism 
r.3684G>A (rs 1805097), we used the following 
primers: 5'-CCGTCGACCTGAACAACTAC-3' 
(left primer) and 5'-GAGGAGAAGGTCTCGGAA 
CT-3' (right primer) [10]. Before the PCR process 
started, the following mixture was prepared: 3 µL 
containing 100 ng of genomic DNA; 12.5 μL of 
master mix solution (Promega) containing the 
Taq polymerase enzyme 50 units/mL in reaction 
buffer solution pH 8.5, 400 μM each of dATP, 
dGTP, dCTP, and dTTP, and 3 mM magnesium 
chloride solution (MgCl2); 1 μL of each primer; 
2.5 μL of dimethyl sulfoxide solution (DMSO), 
and 5 μL of nuclease-free water to produce a 
reaction volume of 25 μL. The solution was then 
slowly mixed in the microtubes by centrifuging 
and vortexing. Thereafter, the PCR process was 
initiated in a thermocycler. First, the solution was 
denatured for 3 min at 95 oC. Then, the sample 
was denatured for 30 s at the same temperature, 
annealed for 30 s at 47 oC, and elongated for 1 
min at 72 oC. The PCR process was repeated 38 
times. The final extension was for 5 min at 72 oC. 
The PCR products were stored at 4 oC. A PCR 
product containing allele Gly1057Asp with a 
restriction enzyme HaeII site was produced. The 
expected size of the PCR product was 535 bp. 
Polymorphisms were identified by digesting PCR 
products with HaeII endonuclease. PCR products 
were digested for one hour at 37 oC in a 10 μL 
reaction volume containing 7 μL of PCR product, 
0.2 μL of restriction enzyme HaeII, 1 μL of 10x 
NEBuffer solution, 0.1 μL of 100x BSA, and 
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nuclease-free water to the reaction volume. The 
HaeII restriction enzyme cut the PCR product at 
position 5'-RGCGC/Y-3' to produce fragments 
that were 420 bp, 62 bp, and 53 bp for the IRS2 
1057A allele and 225 bp, 195 bp, 62 bp, and 53 
bp for the IRS2 1057G allele. A total of 10 μL of 
digested product was mixed with 2 μL of loading 
dye and loaded into a 2.5 % agarose gel 
containing ethidium bromide (20 mg/mL). Gel 
electrophoresis conditions were 100 V for 50 
min. A digital image was taken after agarose gel 
electrophoresis using ultraviolet light 
transillumination. 
 
Fragment identification of IRS1 r.2963G>A 
(p.Gly972Arg) and IRS2 r.3684G>A 
(p.Gly1057Asp)  
 
For this study, PCR amplification products were 
digested with BstNI restriction enzyme for the 
IRS1 gene and HaeII enzyme for the IRS2 gene. 
The following materials were prepared for the 
RFLP analysis: a solution of 10 µL containing 7 
µL of PCR product, 1 µL of 10x NEBuffer 
solution, restriction enzymes (0.2 μL), 0.1 μL 
100x BSA, and the necessary volume of 
nuclease-free water. Thereafter, the solution was 
incubated for 1 h at 60 oC (BstNI) and 37 oC 
(HaeII). TAE gels containing 2.0 or 2.5 % 
agarose were electrophoresed at 100 V for 50 
min. The DNA bands were observed in a gel 
documentation system. 
 
Outcome measured 
 
The primary outcome measured was the SNP 
prevalence and its association with insulin 
resistance status and level of glycemic control in 

T2DM patients with severe/acute phase 
hyperglycemia.  
 
Data analysis  
 
Data collected for each patient were classified by 
the specific allele, genotype, and haplotype. 
Fisher’s exact test and χ2 tests were used for 
nominal data. Spearman’s correlation was used 
for association of gene polymorphisms with 
insulin resistance. Based on Hardy-Weinberg 
equilibrium (HWE) test, a p-value of more than 
0.05 indicated that the observed distribution of 
genotypes was consistent with the HWE 
assumption. This situation also proves that the 
results of the PCR-RFLP method are applicable. 
 
RESULTS 
   
In this study, identification of the IRS1 
r.2963G>A (p.Gly972Arg) gene polymorphism 
was based on the SNP reference number (rs 
1801278). The polymorphism occurred when 
nucleotide G at amino acid glycine (GGG) at 
codon 972 was changed to nucleotide A and 
amino acid arginine (AGG). Figure 1 shows the 
pattern of electrophoresis for IRS1 genotype 
r.2963G>A (p.Gly972Arg), which was analyzed 
using the PCR-RFLP assay. BstNI cut the PCR 
product at position 5'-CC/WGG-3' to produce 
fragments that were 108 bp, 81 bp, 51 bp, and 
23 bp in the IRS1-972A allele and 159 bp, 81 bp, 
and 23 bp in the IRS1-972G allele. The 51 and 
23 bp fragments were only clearly visible under 
the ultraviolet light transillumination. 
 

                                                       
                                                         G/G   G/G         G/A                 G/G   

 

 

Figure 1: Identification of gene polymorphisms of IRS1 r.2963G>A (p.Gly972Arg) with the PCR-RFLP method 

263 bp   
  159 bp 
  
 

 

108 bp 
81 bp 
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Figure 2: I dentification of gene polymorphisms of IRS2 r.3684G>A (p.Gly1057Asp) with the PCR-RFLP method 
 
To identify IRS2 r.3684G>A (p.Gly1057Asp) 
gene polymorphisms in IRS2, the SNP reference 
number used was rs1805097. In this 
polymorphism, nucleotide G at amino acid 
glycine (GGG) was changed to nucleotide A and 
amino acid aspartate (GAC) at codon position 
1057 as shown in Figure 2. The HaeII restriction 
enzyme cut the PCR product at position 5'-
RGCGC/Y-3' to produce fragments that were 420 
bp, 62 bp, and 53 bp for the IRS2 1057A allele 
and 225 bp, 195 bp, 62 bp, and 53 bp for the 
IRS2 1057G allele. 
 
The results obtained for IRS1 genes [p (HWE) = 
0.6481] and IRS2 [p (HWE) = 0.7627] genes 
were consistent with the HWE test. 
 
Table 1 provides the distribution of allele and 
genotype of IRS1 and IRS2 gene polymorphisms 
in the study sample. 
 

Prevalence of R.2963 IRS1 G>A (p.Gly972Arg) 
and IRS2 r.3684G>A (p.Gly1057Asp) genotype 
polymorphisms among T2DM patients with 
severe/acute hyperglycemia  
 
The prevalence of the IRS1 polymorphism 
r.2963G>A (p.Gly972Arg) in the study population 
was 7.1 %. Table 2 shows the significant 
differences (X2 test = 5.19, p = 0.023) between 
the variations in the IRS1 gene polymorphism 
based on the insulin resistance status. In this 
study, the prevalence of the IRS2 r.3684G>A 
(p.Gly1057Asp) polymorphism was 65.3 %, 
which included a combination of homozygous 
(17.9 %) and heterozygous polymorphisms (47.4 
%). No significant difference (X2 test = 0.69, p = 
0.406) was detected between the IRS2 gene 
polymorphisms and the insulin resistance status 
(Table 2). 
 

Table 1: Comparison of the allele and genotype distributions for IRS1 Gly972Arg and IRS2 Gly1057Asp 
gene polymorphisms by race/ethnicity (n = 156) 

 

 
Study 

Frequency 

Allele Genotype 

 A G A/A G/A G/G 
IRS1 Gly972Arg  0.035 0.965 0 0.071 0.929 
IRS2 Gly1057Asp 0.417 0.583 0.179 0.475 0.346 

 
  

420 bp 

195 bp 

 62 bp 
 53 bp 

     535 bp 

 225 bp 
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Table 2: Comparison of IRS1 gene variants by insulin 
resistance status 
 
Variant of 
polymorphism 
IRS1 Gly972Arg 

Insulin-
sensitive 

Insulin-
resistant 

Total 

GA 6 5 11 

GG 34 111 145 

Total 40 116 156 
Variant of IRS2 
Gly1057Asp 

   

GG 16 38 54 

AA/GA 24 78 102 

Total 40 116 156 
 
DISCUSSION 
 
This study showed that IRS1 gene 
polymorphisms increased insulin resistance in 
T2DM patients with severe or acute 
hyperglycemia. Only the IRS1 Gly972Arg gene 
polymorphism influenced insulin resistance in 
T2DM patients who experienced severe/acute 
hyperglycemia. This result is similar to the results 
in a study by Villuendas et al [13]. 2005, in which 
only the Arg972 IRS1 gene polymorphism (F = 
7,529, p = 0.007) influenced insulin resistance 
and IRS2 gene polymorphisms did not have an 
effect. In addition, studies conducted by El 
Mkadem [14] and Villuendas et al [13] also found 
that the r.2963G>A (p.Gly972Arg) IRS1 gene 
polymorphism occurs in patients with insulin 
resistance, and these polymorphisms also affect 
insulin resistance.  
 
Other studies at the molecular level revealed that 
the r.2963 IRS1 polymorphism G> A 
(p.Gly972Arg) acted as a competitive inhibitor to 
the IR and IGF-1R autophosphorylation. The 
IRS1 gene polymorphism not only is a reducing 
phosphorylation substrate but also allows the 
IRS1 gene to act as an inhibitor to IR kinase, 
causing global insulin resistance [14]. Overall, 
r.2963 IRS1 polymorphism G>A (p.Gly972Arg) 
may contribute to insulin resistance by 
weakening the ability of insulin to activate the 
signaling pathway of IRS1/PI3-
kinase/Akt/glycogen synthase kinase-3 in insulin-
sensitive tissues [4].  
 
In this study, the prevalence of the r.2963G>A 
(p.Gly972Arg) IRS1 polymorphism was lower 
than that earlier reported [10,13]. This may be 
because the other studies assessed the 
association with the T2DM disease in general, 
while this study is more specific to the group of 

patients with severe or acute hyperglycemia. 
Although the comparison of the distribution of 
alleles and genotypes for Gly972Arg IRS1 gene 
polymorphisms in other racial/ethnic groups 
found that there were differences between the 
population in the current study and the 
Caucasian population in Italy, this comparison is 
made in view of the characteristics of study 
subjects that were also different. None of the 
previous studies investigated the association 
between gene polymorphisms and T2DM acute 
phase or severe hyperglycemia. 
 
Most previous studies related to IRS2 gene 
polymorphisms focused on diabetes and obesity 
in general. The results of this study were 
consistent with those of studies involving the 
Pima Indian population. In the Pima Indian 
community, the frequency of alleles in the 
polymorphism Gly1057Asp Asp1057 IRS2 gene 
was the highest compared with that in other 
populations [10,14]. This may be because of the 
high prevalence of T2DM in the population. 
Another study on the Caucasians in Italy found 
that the diabetes risk was low in lean Asp1057 
allele carriers compared to obese subjects [15]. 
Discrepancies in the results explain the 
differences in genetic background and are 
supported by differences in allele-allele 
frequency. Molecular mechanisms related to this 
polymorphism are still unknown. Aspartic acid is 
a charged amino acid. The exchange of amino 
acids is close to the assumed two 
phosphorylation sites of tyrosine (1042 and 
1072) in the protein. Thus, changes in 
downstream signaling through the IRS2 gene 
may be involved. However, there is a possibility 
that this polymorphism is not functioning but is in 
linkage disequilibrium with other functional 
polymorphisms that have not been identified. 
 
In another study by Fritsche et al [10], 
polymorphisms of the gene IRS2 Gly1057Asp 
were not related to beta cell dysfunction. This 
conclusion is based on the maximum response in 
normal cells and insulin secretion found in the 
study. Similar to the IRS1 polymorphism, no 
studies have investigated IRS2 polymorphisms in 
T2DM patients who suffer severe or acute 
hyperglycemia. 
 
CONCLUSION 
 
IRS1 genetic factor alone may be a significant 
genetic determinant for insulin resistance in 
T2DM patients in severe/acute phase 
hyperglycemia. 
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Limitation of the study 
 
This study focused on a specific study 
population; hence, it might not be possible to 
extrapolate these results to other races or 
countries. 
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